A more sensitive test agar was developed to detect oral microbes with relatively low dextranase activity and to identify dextranase-negative mutants. Several oral streptococci that had previously been scored as dextranase negative readily decolorized the new, blue dextran-containing medium. To assess whether dextranase plays a role in glucan synthesis by oral streptococci, various glucan synthesis-defective mutants were tested for dextranase activity on the new medium. Mutants 4 and 27, which do not cause smooth-surface caries and which synthesize more soluble glucan than their parent, Streptococcus mutans 6715-13, were markedly deficient in these dextranase activity tests.
Many strains of Streptococcus mutans possess two glucosyltransferase activities, GT-I and GT-S, that catalyze the formation of an insoluble and a soluble glucan, respectively, from sucrose (3, 12, 13, 15, 16) . Although relatively little information is available on the linkages in the glucans formed by these two enzymes, it appears that the insoluble glucan synthesized by GT-I is an a-(1 -* 3) glucan (2, 15, 25) , and that the soluble glucan synthesized by GT-S contains primarily a-(1 -* 6) linkages (12, 15, 16) . However, the insoluble glucan synthesized by S. mutans cultures, or cell-free culture fluids, is considerably more complex, because it is highly branched and contains sequences of both (1 --6) and (1 --3) linkages (1, 8, 15, 17, 19) . It has been suggested (13, 23) that the greater structural complexity of this native insoluble glucan might be the result of endo-dextranase [a-(l --6) glucan 6-glucanohydrolase; EC 3.2.1.11] activity, an enzyme which has been detected in many strains of S. mutans (23) . If the oligomers formed by endo-dextranase action on a nascent, predominantly a-(. -* 6)-linked glucan are reincorporated as branches, insoluble and soluble glucans of considerable complexity, similar to the ones found experimentally (8, 15, 19) , would be formed. If this hypothesis were true, then one might expect that glucan synthesis might be altered in dextranase-deficient mutants. Because we previously have described S. mutans LM-7 mutants with altered glucan synthesis (6) , it was of interest to determine whether these mutants were, in fact, dextranase mutants. It is possible to test qualitatively for dextranase activity by streaking the organism on a nutrient agar medium containing blue dextran and observing whether decolorization occurs around the colonies (22) . However, when S. mutans LM-7 was tested on this medium, the clearing was so weak that the comparison between parent and mutants was inconclusive. Thus, it was necessary to develop a medium with increased sensitivity, so that weak dextranase producers such as S. mutans LM-7 could be tested. This report describes this newly developed medium. It allowed the detection of dextranase activity in several oral streptococci that have been scored as negative on the previously used medium. In addition, we have identified two dextranase-deficient mutants among the glucan synthesis-defective mutants that were tested.
MATERIALS AND METHODS
Strains. Most wild-type oral streptococci were obtained from culture collections maintained at the National Institute of Dental Research. S. sanguis DP originally was isolated as a contaminant on a blue dextran-containing agar plate and purified because it appeared to have high dextranase activity. R. J. Hawley kindly classified it as S. sanguis biotype II, according to the criteria of Facklam (10) . The glucan synthesis-defective mutants were kindly provided by the investigators listed in Table 2 . All cultures were maintained and checked for purity as described previously which will be designated as SGS agar, and the newly developed medium, which will be designated as dex-10 agar, were used for the detection of endo-dextranase activity. dex-10 agar contains per liter: 5 g of Trypticase (BBL Microbiology Systems), 5 g of yeast extract (BBL), 5 g of K2HPO4.3H20, 50 mg of Na2CO3, 1 g of glucose, 5 g of blue dextran 2000 (Pharmacia Fine Chemicals), and 15 g of agar. The pH was adjusted to 6.8. The medium was stirred, heated to boiling to dissolve the blue dextran, and autoclaved at 121°C for 15 min.
Cultures were grown overnight in Jordan broth with 0.1% glucose (7), and one loop of a 100-to 1,000-fold dilution was streaked on SGS or dex-10 agar. The plates were incubated anaerobically in a GasPak (BBL) at 37°C for 3 days and examined over diffuse white light. For photography, a Polaroid MP-4 camera with Polaroid 52 or 55P/N film and an orange filter (Wratten 22) , to increase contrast, were used.
RESULTS AND DISCUSSION
The composition of the new dextranase test agar is listed in the Methods section. Compared with the previously described SGS medium (22) , the relevant changes introduced to make the new dex-10 medium more sensitive for oral streptococci were as follows. (i) Trypticase and yeast extract were substituted for tryptic soy agar because the soybean peptone in the latter medium contributes sucrose (21) . This can lead to the formation of insoluble glucan and other polymers around the colonies, which interferes with the diffusion of dextranase into the agar and, thus, with the decolorization around the colonies. (ii) Dextran T40, another component in SGS agar, was deleted because it is not needed as an inducer for dextranase synthesis (9, 20) and because it also competes with blue dextran as a dextranase substrate, which makes the test less sensitive. (iii) The glucose concentration was lowered to 1 g/liter to minimize possible catabolite repression of dextranase synthesis or secretion (14) . Pilot experiments in which these components were varied one at the time showed that the first two changes had more effect than the last one (data not shown).
To prove that dex-10 agar was indeed more sensitive than SGS agar, a number of oral streptococci were streaked on both media. Examination after a 3-day incubation period showed that S. mutans strains SL-1 and AHT, which previously have been scored as negative (23), decolorized dex-10 agar (Table 1) . S. mutans LM-7 and C67-1 similarly were positive only on dex-10 agar. Figure 1 illustrates the strong reaction produced by SL-1 and AHT, as well as the somewhat weaker reaction by C67-1 and LM-7.
Of the three S. sanguis strains tested, strain DP appeared to have high activity because it decolorized both test agars strongly within 2 days. Thus, it is evident that this strain represents an exception to the statement that S. sanguis strains do not produce dextranase (15 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from have shown that, to a large extent, endo-dextranase is found extracellularly (9, 13, 20) . Examination of glucan synthesis-defective mutants. To examine the possibility that certain glucan synthesis-defective mutants might, in fact, be dextranase mutants, several mutants with phenotypically altered glucan synthesis were compared with their respective parents on dex-10 and SGS agar. Figure 2 exemplifies that (i) the S. mutans LM-7 mutants that we described earlier (6) were indistinguishable from their parent on the test agars, and (ii) dextranase activity was more readily detected on dex-10 than on SGS agar. Identical results were obtained with the other LM-7 mutants ( Table 2) .
Because of our current interest in the synthesis of soluble and insoluble glucans by S. salivarius (18, 26) , insoluble glucan synthesis mutants 22A and 36 of strain 25975, as well as S. mutans C67-1 and its noncariogenic mutant C67- 25 (4) , were included in the survey. The results (Table 2) showed that all these mutants decolorized dex-10 agar to the same extent as their respective parents. However, among the three S. mutans 6715-13 mutants tested, two were found to be markedly deficient in dextranase (Table 2 and Fig. 3 ). These mutants were isolated originally by Freedman and Tanzer (11) , and they have since been found not to cause smoothsurface caries in two animal models (24) . Freed 10, 1979 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from
